The effect of DMN, a potent carcinogen, on the mouse liver ribosomes was analyzed in a TBM buffer by the 2.0% polyacrylamide-0.5% agarose composite gel electrophoresis. The untreated mouse liver ribosomes were separated from the 40S subunit to the tetramers of the 80S ribosomes. The DMN-treated mouse liver ribosomes were separated mainly from the 80S ribosomes and the 40S subunit. The free 40S ribosomal subunits (S-40S) from mice treated with DMN were observed migrating slower than those from untreated mice. This was also confirmed by the experiment using the artificial mixture of both ribosomes. When the DMN-treated mice liver polysomes were analyzed under the condition that the ribosomal subunits were separated in a TBE buffer, S-40S from mice treated with DMN migrated slower than those from untreated mice, whereas the 60S ribosomal subunits did not change after treatment with DMN. This was also confirmed by the analysis of radioactive DMN. These results suggested that the main effect of DMN on the mouse liver ribosomes was the modification from the 40S subunits to S-40S.
INTRODUCTION
into a precisely tuned structure at both the primary sequence level and higher order structure levels.1-3) These experiments reportedly used chemical modification to determine the conformation of nucleotides in rRNA. Ketohexal, used in these studies, is known to be guanine-specific reagent.3,4) Dimethylnitrosamine (DMN) is known to cause tumors in rodents.5) Radioactive DMN is also reported to exist as methylguanine in DNA and RNA.6,7) Dahlberg et al. used composite gels to characterize bacterial ribosomes with two dimenCorrespondence address: Keiji Nishinaga, Toyama Health Center, Ohtemachi 1-2, Toyama 930, Japan. Abbreviation: DMN, dimethylnitrosamine; bis, N, N'-methylene-bis-acrylamide; TEMED, N, N, N', N'-tetamethylethylendiamine;
EDTA, disodium ethylene diamine tetra acetic acid; SDS, Sodium dodecyl sulfate; TBM buffer, 90mM Tris-90mM borate-2.5mM MgClz, pH S. 3; TBE buffer, 90mM Tris90mM borate-2.5mM EDTA, pH 8.3; TKM buffer, 50mM tris-HCl-25mM KCl-2.5mM MgClz, pH 7.6; F-40S, 40S ribosome subunits migrating fast; S-40S, 40S ribosome subunits migrating slowly. 
Methods

Isolation of mouse liver ribosomes
The procedure used for the isolation of mouse liver ribosomes has essentially been described in previous studied.9,10) Male C3H/HeN mice were fasted for 24h before sacrifice. Three hundreds ed intraperitoneally at 2h or 4h. To examine the incorporation of DMN into the liver ribosome, Beckman L2-65 centrifuge. The pellet fraction was then suspended in the TKM buffer and used as a polysome fraction.
The RNA concentration of ribosomes was determined by measuring absorption at 260nm (1 Preparation of 1.8% polyacrylamide-0.5% agarose composite gels
The gels used were prepared as described,8-11) except for a 20% acrylamide stock solution composed of 18.5g of acrylamide and 1.5g of bis in 100ml. The 3mm thickness of the composite slab gel (160ml) was prepared as follows. Agarose (0.8g) was mixed with 114.6ml of water in a 300ml Erlenmeyer flask. The flask was attached to the condenser, stirred rapidly on the hot plate, and boiled without scorching the agarose solution. While the agarose solution was refluxing for 15min, all other liquid reagents required for the polyacrylamide gel except for the ammonium persulfate (16ml of 900mM Tris-900 mM boric acid, pH 8.3, 10ml of 0.5% TEMED and 14.4ml of 20% acrylamide stock solution) were combined in a small flask and heated to 38-20s after the addition of 5ml of 1.6% ammonium persulfate, the mixture was slowly poured cooled slot former was inserted into the slot area.
A tightly sealed tube of ice was laid in front of the slot former while the cell was in a horizontal position, and the resultant composite gel was left
Application of samples to composite gels RNA prepared from ribosomes was mixed with an equal volume of 40% sucrose and 0.01%
of RNA was applied to the gel slot. Ribosomes were mixed with a 1/4 volume of pre-warmed 7.0 containing 40% sucrose and 0.01% bromof the ribosomes were applied to the gel slot.
Composite gel electrophoresis
After gelation, while the cell was still horizontal, the gel block in front of the slot former was blotted, carefully removed, and discarded. The cell was then placed in the vertical running position, and a TBM buffer was added to the cell in sufficient quantity in both the lower and upper reservoirs to cover the electrodes and the slot area (about 2l total volume). The electrodes were thus set by placing the anode side of the plug down when connecting the power supply to the E-C cell. The slot former was carefully removed. The temperature of the circulating water run for 2h at 300V and the pre-run buffer was replaced with a freshly prepared TBM buffer.
Two dimensional gel electrophoresis
The "turned gel" method was used in the situation when the gel concentration was the same for the second run, and only when the electrophoretic buffer had to be changed.8) A three-place slot former, with the slots to one side, was used in the first gel, allowing spaces for the application of ribosome samples (slot 1 and 2). After the When the ribosomes mixed with 0.5% agarose were applied to the gel slots, it was found that the ribosomes had separated into several bands according to the size of the particles, with 40S subunits moving the fastest and the larger polysomes moving slower in the composite gel. When the electrophoresis of the mouse liver ribosomes was carried out for 240min in a TBM buffer as shown in Fig. 1 , ribosome bands from the 40S subunits to the tetramers were observed (slot 1). To examine whether free 40S subunits (S-40S) from the mice treated with DMN, do in fact, migrate slower than those (F-40S) from the untreated mice liver, ribosomes from the mice treated with DMN were mixed with the control ribosomes from the untreated mice and analyzed in the electrophoresis using the two dimensional technique as shown in Fig. 2 . When the first electrophoresis was carried out for 90min in the TBM buffer, the dimers band of the 80S ribosomes and the 80 S ribosome band were separated. Furthermore, two free 40S subunits bands and some possible degradation bands migrating faster than F-40S were separated ( Fig. 2 slot 1) .
Thus, it was suggested that DMN caused the modification of the free 40S subunits to S-40S in the TBM buffer. The artificial mixture of ribosomes was applied to slot 2 and the first electrophoresis was carried out for 90min in the TBM the first run, and RNA used as a marker was applied to slot 3. When the second electrophoresis was carried out for 90min in a TBE buffer, two The ribosomes were applied on slot 1 and 2, respectively.
The electrophoresis on a 2.0% polyacrylamide-0.5% agarose in the TBM buffer was cared mice liver.
After the run, the gel was stained applied to slot 3. The electrophoresis on a 1.8% acrylamide-0.5% agarose in the TBM buffer was free 40S subunits bands and some possible degradation bands migrating faster than F-40S were also separated. S-40S also migrated slover than F-40S in the TBE buffer. Furthermore, the 40S subunits bands migrated slower than the 18S RNA ( Fig. 2 slot 2) . Thus, it was indicated that the free S-40S separated in the TBM buffer also migrated slower than F-40S in the TBE buffer. Furthermore, the 80S ribosome band in the TBM buffer was observed to separate the weakly stained S-40S band in the TBE buffer. Thus, it was suggested that the 40S subunits in the ribo- The labeled DMN was used to examine the binding of RNA with DMN. In the case of the 40S ribosomal subunits in polysomes from untreated mice injected with [3H]-orotic acid, radioactivity had mostly accumulated in F-40S (Fig. 4  lane A) . In the case of the 40S ribosomal subunits in polysomes from mice injected with [14C]-DMN, radioactivity had mostly accumulated in the S-40S (Fig. 4 lane B) . The radioactive peak in the 60S ribosomal subunits showed almost the same migration between untreated and DMN-treated polysomes. In the case of polysomal RNA from mice injected with [14C]-DMN, radioactivity was found in 28S RNA and 18S RNA (Fig. 4 lane C).
The radioactive analysis suggested the following results. DMN usage was approximately three huna strong effect on the mouse liver polysomes. phoresis on a 1.8% acrylamide-0.5% agarose gel in the TBE buffer was carried out for 120min at
The result in Fig. 1 suggested that DMN caused the destruction of the polysomes into the single 80 S ribosomes. DMN has been reported to inhibit the hepatic protein synthesis.12,13) These reports may support the above possibility. In Fig. 1 , the free 40S subunits (S-40S) from mice treated with DMN migrated slower than those (F-40S) from untreated mice.
The result in Fig. 2 indicated that the effect of DMN on the ribosomes may produce free S-40 S and possibly smaller degradation products.
The results in Fig. 3 and 4 showed the following observations. DMN was incorporated into the polysomal RNA and the ribosomal subunits. These results in Fig. 1-4 suggested the following possibilities; DMN was incorpolated into the 28S and 18S RNA and caused the destruction of the polysomes into the single 80S ribosomes. The 40S subunits (S-40S) from the mice treated with DMN migrated slower than those (F-40S) from the untreated mice, whereas the 60S subunits appeared unchanged after treatment with DMN. polysomal RNA. The electrophoresis on a 1.8% acrylamide-0.5% agarose gel in the TBE buffer described in Fig. 3 . After the electrophoresis, the gel was stained, scanned, sliced, and counted as described under Materials and methods. Figure on left side shows the absorbance at a wavelength of 570nm, and that on right side the radioactivity.
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